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A° - angstrom unit
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INTRODUCTION

Membrane ul trafi l tration with non-ce llulosic membranes is a

promising technique for the simu l taneous remova l of various organic

compounds , chem i cal or mechan i cal emuls ions , and particulates present

in wastewaters. Ultrafi l tration is generally carried out at low pres-

sures (10 to 100 psi) and offers an attractive alternative in many

processing areas. This process produces a dilute ultrafi l traté (per-

meate) stream and a concentrate stream (only 5 to 1O~ of raw feed

stream). Depending on the type of feed waste (size of organic mole-

cules) stream and the nature of membrane (polymer type and pore size)

utilized , the ultrafiltrate stream can meet water quality guidelines

for d i rect d i schar ge~’2 and/or wa ter reuse. 3 ’~’ However , performance

limi tations (flux drop) may be encountered during ultrafi l tration due

to the high-fl ux characteristics of the membranes , which results in

the rapid convection of retained solutes to the membrane surface

leading to the well-documen ted phenomenon of concentration polariza-

tion or gel formation (membrane fouling). Thus , for the successful

operation of a membrane ultrafiltration unit , water flux loss must be

minimi zed by establishing proper operating conditions.

The treatment of oily waste (free oil and emulsified oil and

detergents) by ultrafi l tration for the purpose of meeting proposed

1980 marine discharge (oil less than 15 mg/i) standards is a pro-

misin g application. This study i s directed towards the processing

of shipboard ‘1b ilge water” contain i ng fuel o i l s , lubricating oils ,

hydraulic oils , detergents , etc. Bilge oil characteristics and

1 



generation rates depend on ship types and ship operating modes .

Smookl er and Har den 5 have investigated bilge wastes aboard various

classes of Navy s hip s.

Oil separation techniques have included gravity separation for

free oil removal , and combination gravi ty separators with coalescing

plates for free and dispersed oil droplets .6’7 The presence of de-

tergents (such as bilge cleaners) and/or hi gh suspended solids causes

chemical emulsification of oil and inadequate oil removal 7 would be

expected wi th gravity or coalescer systems . Effluent oil concentra-

tion from these separators are dependent on the specific gravity of

oil , emulsification , oil droplet size , and inlet oil concentraticn.

In the absence of de terg ents , bilge water treatment with tight coal-

escers elements has provided effluents less than 20 mg/i oil. 7

The use, of ultrafiltration for the treatment of various types of

oily wastewaters has been reported in the literature)’8 9 ’’0’11 ’12

Harr i s , et al ,’ in their studies with turbine lubricating (synthetic)

oil , and bilge oil , showed that ultrafi l trate containing less than 10

mg/l oil could be consistently obtained even in the presence of det-

ergents. The ultrafiltrate concentration was found to be independent

of feed oil (100 to 5000 mg/i oil) concentration and of the oil spec i-

fic gravity . In their studies with tubular non-ce llulosic membranes ,

extensive flux decline was reported with oil-wa ter systems containi ng

• 

. 

detergent. The cumulative flux decline behaviour was also found to be

dependent on the type of water (tap, river or sea water). The objectives

of this study are to investi gate (experimentally) the water flux and

foul ing mechanisms of tubular non -cel lulosic membranes wi th specific



oily wa ters (wi th and wi thout detergents), and to identify membrane

operating conditions necessary to minimi ze flux declin e and membrane

cleaning requ irements. The water flux characteristics and fouling

behaviour are explain ed in terms of mathematical m odels.
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EXPERI 1~1EUTAL

Al l continuous-flow ultrafiltration experiments were conducted

in a conrercially available non -cellulosic tubular unit of 1 inch

diameter and 1. 1 ft2 membrane area . The membrane characteri’~tics

are shown in Table 1. Experiments were conducted for 6-8 hours

(approximate steady state), and in a few experiments the ultrafiltration

time was extended to 15 to 90 hours. A schematic diagram of the experi-

mental unit is shown in Figure 1. Most experiments were conducted at

negligib le wa ter recovery , and the feed concentration was maintained

constant by the recycle of both the concentrate and the ul trafi ltr a te

stream to the feed tank. The experiments conducted at the David W .

Taylor Naval Ship Research and Development Center are designated in

th i s pa per as DTNSRDC da ta.

The avera ge transmembrane pressure , ~tp was varied between 7 and

38 psi. The flow regime was always in the turbulent region , and most

experiments were conducted at a linear velocity (tube) of 14 ft/sec

F (27 gal/mm ). The feed solution temperature was maintained constar .t

during the course of an experiment.

The feed solutions (to the ultrafiltration unit) investigated

in this study were: detergent-disti lled water , oil -d istilled water ,

oil-detergent-distilled water , river water , oil -river water , and

oil-detergent-river water. Bilge oil (oil l ayer from shipboard

bi l ge) was used in most experiments . The bi lge oil used was a

mixture of fuel o i l , lubricating oils , and hydrau l ic o i l s .  Some

experimen ts (DTNSRDC data) were conducted with synthetic base , 

-- _ _ _ _
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turbine engine lubri cating oil (Military Specification MIL-L-236998).

The detergent used in this study was nonionic in nature (Military

Specification MIL-D-1679lE) and contained 99% iso-octy l ary l polyme r

alcohol . Severa l studies were also condw. ted with coniitercial nonionic

surfactant (Triton X - lOO and Neodol 25-9).

Experiments with river water were conduc ted wi th water obtained

from the Severn River , Annapolis , Maryland (Table 2). A series of

ultrafi ltration experiments was also conducted wi th shipboard bilge

wa ter.

The membrane rejection behavior was primarily monitored by total

organic carbon analysis. At the DTNSRDC labora tory the oil content in

the ultrafiltrate was determined by a solvent extraction -infra red

spectrophotometry technique. ’

5

~ 

- • _ _ _ _  
_  _ _



-
~~

-.•.
~~~~~~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~ 

S

S

WATER FLUX BEHAVIOR: FOULING MODEL

Water transport through ultrafiltration membranes is by viscous

f low , and in the absence of any concentration polarization , surface

foul ing, and membran e-solute interaction , the ultraf i l trate flux ,

is dependent only on transmembrane pressure (np) and intrinsic memb rane

resistance (R),

(1)

Rm is a function of temperature only and since wa ter v iscos i ty ( LI)

decreases w ith tempera ture , J~ is inversely proportional to ~~~.

The observed water flux with wastewaters contain ing particul ates ,

emulsions , and organic molecules , may be considerably l ower due to

membrane-solute interaction (adsorption in membrane pores ) and/or

surface fouling,

(2)w Rm + R i ~~Rf

The additional resistance R 1 due to membrane -solute interaction

(particularly by long chain polar nonionic surfactants) may be due

to physical adsorption in the membrane pores and/or surfactant

micel le formation inside the pores. The adsorption behavicr is

dependent on the hydrophi lic nature of the membrane. Membrane-

surfactant interaction is possible even with zero rejection.



Is expected to be a function of solute concentration and tempera-

ture only. Thus (Rm + R1) is an effective membrane resistance in the

presence of an in terac ti ng solu te.

The foul ing l ayer resistance , Rf~ is a function of concentration

and type of macromolecules , and/or suspended solids , transmembrane

pressure , gel-layer compressibility characteristics , channel velocity ,

and operating time . With oil-detergent-water systems , surface fouling

Is due to suspended solids , free oil , and emulsified oil droplets .

In al l  cases , Rf reaches an asymptotic value (thus 
~~~~~~~~~ 

The asynipotic

surface fouling layer (gel layer) formed by macromolecular solutes will

have resistance considerably higher than gel layers formed by relatively

large part i cle s i ze di s pers ions .

Membrane foul ing is a very complex phenomena and the rate of foul-

ing is dependent on both the type of feed wastewater and operating

(pressure, veloci ty, and temperature) conditions . The fouling (scaling )

mechanism can be compare d to scal i ng pro b l ems ’3 in heat exchangers (heat

flux versus water flux). The transient resistance is related to the

asymptotic (steady-state) resistance (Rf*) by,

-K t
Rf = R f

* ( l _ e  1 ) (3)

Rf Is related to the rate of build-up of fouling l ayer. The rate of

change of foul ing la yer th i ckness (Y f) or mass of foulant per unit area

Cm) can be related by,

• 1

________  .



dYf dm -

= rate of deposition to (4)
membrane s ur face
- rate of ren~ va1 from
membrane surface

K2CbJw K3TYf

In which Cb is the concentration of fouling component at bulk liquid

conditions and I is the shear rate at the surface of deposited gel

l ayer. I is related to the mass transfer coefficient , K5 where K5
a U0~

8 in the turbulent flow region. Kimura and Nakao 11’ have used a

similar equation for surface fouling (no membrane-solute interaction)

under unsteady-state condition wi th tubular reverse osmosis modules
C

by repl acing the removal term in Equation 4 by K,Ck ln~~-.
b

Gutma n’~ described membrane fouling by relating the rate of

removal of deposited material on the membrane surface to the occur-

rence of random turbulent bursts and showed that J~ (thus Rf) always

ap proached a limiting (asymptotic) value . The limiting flux is re-
• lated by,

J at steady-statew _ _ _ _ _ _ _  
1 

(5)of initial unfoulcd nxNnbrane 1 + KfCb
Ab UR

In which Ab is the area of fouling l ayer removed by each turbelent

burst and Kf ~s the res i stance of foul ing la ye~ per unit thickness.

From Equation 5 , the percent flux loss is much worse with membranes

of hi gh initial water fl ux (low Rm) and the experi m ental results 2~~” ~

agrees wi th the trend . 

8
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RESULTS AND DISCUSS1OI~

Varidus oil , de tergent , water systems were utilized for the

ultrafiltration experiments . Prel i mi nary results showed that ultra-

fi l tration of feed suspensions prepa red in distilled water were

similar to that obta i ned with sea water. Suspensions prepared in

ri ver water showed enhanced membrane fouling. In order to investigate

different types of simulated bil ge waters , feed solutions prepared in

distilled water and in river water were both studied. The analysis

of the river water used in this study is shown in Table 2. Most

experiments were conducted at a linear ve l oci ty of 14 to 15 ft/sec

and at pressure less than 25 psi.

(Vnni nnir fl~~torr~ønt - f l i s H 1 1~ d W~t~r S~’ct~ m Th~ ~~~~~~~~~~~~~~~~~~~~

interaction was initially studied wi th three different nonionic

detergents and Figure 2 shows that significant flux drop (76?~ drop)

occurs wi th the three detergents during a very short period and

reaches a steady-state val ue at less than one hour operating time .

• The effect of pressure (7 to 25 psi) and new membrane water (solute-

free) fl ux variability at a constant pressure could be taken into

account by membrane initial water flux. Figure 3 shows tha t steady-

state water flux (at 200 mg/ l detergent concentration) increases

linearly with initial water flux indicating constant flux drop and

that the flux drop is not due to surface fouling. The effect of

detergent concentration on the steady-state water flux at a constant

~p (that is , constant initial water flux) is shown in Figure 4 for

9
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two operating temperatures. The water flux approached a constant

value above a 100 mg/i detergent concentration , for both temperatures .

The concen tra tion at wh ich J~ reac hes a cons tan t va l ue i s re la ted to

the cri tical m ice l l e  concen tra ti on of the sur fac tan t (cr itic al mi ce l l e

concentration of MIL-D nonionic detergent is approximately 150 mg/i).

At 40°C, flux enhancement was due to l ower viscosity of solution and

due to the reduction of surfactant adsorption in pores .

The linear increase of with initial water flux (Figure 3)

and the decrease of with detergent concentration (Figure 4), can

be taken into account by an effective membrane resistance in Equation

2,

= ~
p 

-w R j
. (6)

Rm (e~~b~’Cm)

or in terms of initi al wa ter f l ux

= ~, initial water flux (7)
w e~~b

/
~
m / m

In which the constant K is < 0 and Cm is the detergent concentration

at which becomes constant. In Equation 7 the value of Cb/Cm is

< 1.0. The assumption of Rf in Equation 2 to be zero is validated in

Figure 4 where is found to be i ndependent of tube velocity , Li.

. 

The membrane-detergent interaction was due to physical adsorption and/or



due to micel le forma tion In the membrane pores and th i s was val ida ted

by the fact that complete flux recovery was obtained with short (less

than 1 minute) distilled water flushing .

The rejection of detergents by the membrane was quite small ,

which again indicates that the flux drop was not due to surface fouling.

The rejections wi th three nonionic detergents are shown below ,

Detergent Rejection

MIL-D 35%

Triton X-lOO <10%

Neodol 25-9 25%

Oil-Water Systems. Oil-water mixtures were studied with both distilled

and river water. Most experiments were conducted with 500 mg/l (total

organic carbon 320 mg/i) bilge oil. This concentration is 5 to 10 fold

higher than that observed in bilge waters. All DTNSRDC data were with

synthetic based oil. Figures 5 and 6 show that the flux drop with

river water was considerably faster than that obtained wi th distilled

water. With river water gel-polarization occurred in a short time

period because of the cummulative effect of surface fouling due to both

oil and fine suspended solids. Flux enhancement (42~ increase) was

obtained at higher operating temperatures (Figure 5). Figure 7 shows

that steady-state J~ with river water reached an asymptotic value for

membranes of initial water flux greater than 100 gal/ft2-day . With

distilled water , system J~,, always increased with initial water flux

11 
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Indicating complete gel-polarization was not achieved . The flux

behavior trend shown in Figure 7 is consistent with Equation 5. Wi th

membranes operating at an initial water flux of 100 gal/ft2-day , the

flux loss was approximately 72~ with river wa ter and only 23~ with

distilled water. The oil rejection was found to be i ndependent of

operating temperature , water type , and membrane initial water flux.

The rejections were consistently between 98~ and 99~, indicating

ultrafiitrate oil concentration to be less than 10 mg/l.

Oi1-Detergent-~ater Systems. All experiments were conducted wi th a

mixture of 500 mg/i oil and 100 mg/i MIL-D detergent. The tota l

organic carbon of the feed wastes was 384 mg/l. Figure 3 shows that

• the presence of detergent causes considerable flux decline with both

distilled and river water due to the presence of oil-detergent emu l-

sion , and free detergent molecules. Figures 9 and 10 shows that gel-

polar ization (maximum Rf) with distilled water system will occur for

membrane operation at > 20 psi or for membranes of initial wa ter flux

> 200 gal/ft 2-day . With river water (Figure 11 ) the flux drop was

quite severe at 25°C. At 25°C no flux improvement was observed with

membranes of initial water f lux greater than 50 gal / f t 2 -day . At 40°C ,

a maximum water fl ux of 41 gal / f t 2 -day (corresponds to flux drop of

59% at 100 gal/ ft 2 -day initial flux) could be achieved with the river

water system.

The dependence of steady-state wa ter flux , 
~ 

on the initial

water flux for the oil-detergent-water system is compared with other

systems and the results are summarized in Figures 12 and 13. It is

12 
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Interesting to observe from Figure 12 that wi th membrane initi al

water flux less than 200 gal/ft2-day, membrane-detergent interaction

(R1 In Equation 2) rather than surface fouling (Rf in Equation 2)

determines the va l ue of the steady—state water flux. In the lower

initia l water flux range since the free detergent concentration is

lower in the presence of oil (because of emulsification), the wa ter

flux is higher than the detergent -distilled water system. With river

water the steady-state water flux (Figure 13) is dictated by both

membrane-detergent interaction and surface fouling; the surface foul-

ing can be reduced by operating at higher temperatures. The increase

in percent flux loss (with both oil-water and oil-detergent -water

systems) with initial water flux is consistent with the surface foul-

ing theory (Equation 5).

The overall organ ic carbon rejection was 96~ to 98~ with the oil -

detergent-water system. Surfactant rejection (because of emulsifica-

tion) was enhanced in the presence of oil. The oil concentration in

the ul trafiltrate was always less than 10 mg/i.

Bilge Water System. A series of ultrafiltration experiments was also

conducted with actual bil ge water. Table 3 shows the analysis of the

bilge water used in the ultrafi l tration studies. Figure 14 shows long-

term flux behavior (without any membrane cleaning) with the bil ge water

and bilge water plus added MIL-D detergent. The membrane tube was

allowed to depressurize at the end of each 8 hour run for at least 1

hour. In the absence of detergent , excellent flux behavior was ob—

ta m ed ; the flux stayed constant after 10 hours and the flux drop was

only 13%. An abrup t flux drop occurred (Figure 14) after detergent

13
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addi tion. Figure 15 shows the effect of detergent concentration on

the steady-state water flux . It is interesting to observe that the

water fl ux , J~ , becomes constant above a critical concentration. This

behavior is similar to that observed in Fi gure 4. The higher cri tical

detergent concentration (compared to detergent -dist illed wa ter system)

was due to partial oil-detergent emulsification. The ultrafiltr ate

oil concentration was always less than 8.5 mg/I.

Membrane Water Flux Recovery (cleanino) . Figure 16 shows the water

flux recovery obtained after flushing with tap water at the end of

each run. With the detergent system flux recovery was 10O~ even with

membranes of high initial water flux (> 100 ga1/ft~-day), could not

be removed by simple water flushing . For example , wi th oil-detergent -

distilled wa ter system the steady-sta te wa ter flux (Figure 12) for

membranes of initial flux 200 gal/ft 2-day was 64 gal/ ft 2 -day and tap

water flushing recovered the flux to 95 gal/ft2-day (Figure 16).

Chlorine cleaning (Figure 17 right) provided complete flux recovery

for oil-detergent-distilled water system . Since oil-detergent -river

water system causes extensive surface fouling problems (Figure 11),

particularly with membranes of high initial water flux , the flux

recovery even with chlorine cleaning was incomplete (Figure 17 left).

With membranes of high initial water flux (200 gal/ft 2-day), chlo rine

cleanin g restored the wa ter f lux  from 15 gal/ ft 2 -day to 88 gal / f t~-day .

It was also observed that flux recovery (by cleaning) to values greater

than 100 gal/ft2-day was unnecessary for maintaining adequa te steady-

state flux wi th waste systems. 
•

~
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- CONCLUSIONS

Ul trafiltra tion studies wi th oil , detergent , water , systems indicate

that nonionic surfactant causes substantial water flux drop due to

adsorption and/or mice lle formation of detergent molecules in tI~e mem-

brane pores . The water flux approaches a constant value above a critical

detergent concentration. For all systems , steady-state water flux was

a function of initial membrane water flux. Membrane surface fouling

due to stable oil-detergent emulsions and fine suspended solids could

be minimi zed by membrane operation at low pressure or with membrane

of initial water flux less that 100 gal/ft2-day . Oil-detergent-river

water system causes maximum surface fouling at an operating temperature -
•

of 25°C. Flux drop can be minimized by operating at higher tempera ture

(40°C) and/or with membrane depressuri zation at intervals of 8 to 10

hours for at least 1 hour. Depending on the oil , detergent , water

system , partial to complete flux recovery could be obtained with chlorine

clean ing . Frequent membrane cleaning, however , is found to have an

adverse effec t on the final water flux.

At 25°C, the steady-state water flux values (in gal/ft2-day ) with

membrane operated at an initial water flux of 200 gai/ft~-day , and with

distil led water systems (oil 500 mg/ l , detergent 100 mg/l), are : 54 wi th

detergen t onl y, 103 with oil only, and 63 with oil plus detergent. With

river water systems the steady-state water flux (in gal/ft2-day) values

are: 30 wi th oil only and 15 for oil plus detergent with membrane of

Ini tial flux > 100 gal/ft2-day . The water flux with oil-detergent-river

water system could be Increased to 41 gal /ft2-day by operating at 40°C.

• 15
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The water flux behavior is explained in terms of membrane resistance

Increase due to detergent interaction , and due to surface fouling in

the presenèe of emulsions and suspended solids . Excellent oil rejec-

tions are obtained in all cases; even with oil-detergent systems , an

ultrafiltrate oil concentration of less than 10 mg/l can be achieved.

Membrane area requirements are dependent on the type of oil-water

mixture to be processed , i.e., whether the mixture contains distilled ,

river or sea water. Processing oil-river water mixture s requires

approximately three-fold more membrane area than oil-distilled or

oil-sea water mixtures.

16



S

REFERENCES

1. Harris , L.R ., Jac kso n , D.F., and Schatzberg , P., “Oily Bil ge Water
Treatment with a Tubular Ultrafiltration System ,” Journ al of Engin-
eering for Industry , vol .  98 , No. 4. November 1976.

2. Harr is , L.R. , Schat~berg , P., Bhattacharyya , 0., and Jackson . D.F.
“Ul trafiltration of Bla ck and Grey Wastewator ,” ASM [ Publication
77—ENAS-S7 (1977).

3. Bhattacharyya . 0., Garrison , K .A ., and Grieves , R.8., “Membrane
Ul trafi l tration for Trea tment and Water Reuse of TNT-Manufacturin g
Wastes ,” J. Water Poll. Contro l Fed., 49,800 (1077).

4. Bhattacharyya , 0., Jumawan , A.B ., th’ieves, R .B., and Wither up, S.O.,
“Ultrafil tration of Complex Wastewaters : Recyclin g for Nonpotable
Use ,” J Wa ter Poll. Contro l Fed., 50, 846 (1978).

5. Smo ok l er , A.L., and Harden , J .W . , “Mavy Shipboard Inv estiQa tion s of
Oily Waste ,” Proc . Joint Conf. on Prevention and Contro l of Oil
Poll. , Washington , D.C. (1975).

~ ‘I ....4 T..~..L .. r’, r~ ~~~~~~~~~~~~~~~~~~~ ..€ ~~~~~~~ ... j  n 1  i . , .~~~_
~~~. . ~~~~ .~

.... . , , . , ,~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ , ~~~~~~~~~~~~~~~ ~,, , . .  ~ ~ ,,

Separation Systems ,” ASME Publication 73- ENAS-38 (1 97 3) .

7. Smookler , A.L. , Harden , J .W. ,  and Conroy , P.D. , “Navy Development ot
Suitable Shipboard Bi lge Oil/Water Separators ,” Proc . of 1977 Oil
Spill Conference , 423 (1977).

8. Schatzberq, P., Harris , L.R. , Adema , CJ4. , Jackson , D.F. , and Kell y ,
• C.M. , “Oil /Water Separation w Ith No n—C o llu l osic Liltr afi1 tra t~onSystems ,” NSRDC Report 4530, AD-A008315,’4WP (1975).

9. Bansal , I.K ., “Concentration of Oil ’i and Latex Wastewaters ,” Proc.
3rd Natl. Conf. on Complete Water Reuse , Cincinnati , Ohio ~~~~~~

10. Goldsmith, R.L. , Roberts , D.A. , and Burre , D.L. , “Ul trafiltration
of Soluble Oil Wastes ,” J. Water Poll. Contro l Fed., 46 ,

(1 974).

11. Goll an , A., “Trea tment of Chemical and Mechanical Diesel Oil-Water
Emulsions by Ultrafiltration Membranes ,” ASME Publication 75—LN AS—
57 (1975).

12. Matz, R., and Meit lis , V ., “Design and Operating Parameters for
Tubular Ul trafiltration Membrane Modules ,” Desalination , 24, 281
(1978). 

—

H - 

• 

17

_ _ _ _  —~~ -- - - •~--•--- - - - • • •~ 
—•——-

~~ — -•- — —•• --• _ _ _



• •—• -~~~~—-~~~-~~- ----• ~~~~ •
~~~~

__w ,
~

~~~~~~~~~~~~~~ —~~-
-

S
~1

13. Suitor , J.W., Marner , W.J., and Ritter , R.B., “The History and
Status of Researc h i n Foul i ng of Hea t Exc hangers i n Coo l in g Water
Service ,” Cana d . J. Chem. En g ., 55, 374 (1977).

14. Kimura , S., and Nakao, S.. , IaFoul ing of Cellulose Acetate Tubular
Reverse Osmosis Modules ,” Desalination , 17 , 267 (1975).

15. Gutman , R.G., “The Design of Membrane Separation Plant ,” The
Chemi cal Eng i neer , 510 (July, 1977) .

18 

••• 



~~~~~~~

TABLE 1. TUBULAR MEMBRANE CHARACTERISTI CS

Parameter Membrane

Composition Non-cellulosic

Diame ter , i nches 1.0

Length , ft 5.0

Membrane area , ft2 1.1

Apparent pore size , A° 50

Maximum operating temperature , °C 60

pH range 2-13

Initia l water fl ux (at 20 psi), gal/ft2-day 1 50-300
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TABLE 2. ANALYSIS OF RIVER WATER USED IN THE
ULTRAFILTRATIOj’l STUDIES

Parameter Concentration
Total sol id s 11 ,156 mg/i
Suspended solids 594 mg/i

Conductivity 10, 800 Wmho/cm

Total Organic Carbon 3.1 mg/i

Iron • 

5.6 mg/i
pH 7.8

20
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TABLE 3. ANALYSIS OF BILGE WATER

Parameter Concentration

Total sol ids 11 ,135 mg/i

Suspen ded sol id s 575 m g/ i

Conductivity 6,171 ~mho/cm

To tal Organ i c Car bon 2 14 mg/i

Oil concen tration (approx.) 280 mg/l

Iron 9.4 mg/i

pH 8.9

21
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